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(57)Abstract 

PROBLEM TO BE SOLVED: To improve the problem such that a 
synthetic method for a nanotube such as a laser deposition method 
and an arc discharge method is unsuitable for mass synthesis and 
caused much impurities such as an amorphous carbon, or the like, 
and at the same time, to improve the problem such that the catalyst 
metal stability in a synthetic temperature, the structure control of 
the catalyst particles and the particle size control at heating are 
subjects to be improved in thermal cracking method. 
SOLUTION: This invention provides a production method for a 
monolayer carbon nanotube which is characterized by gas phase- 
synthesizing the monolayer carbon nanotube by the thermal 
cracking of a hydrocarbon gas, by delivering the hydrocarbon gas 
together with a carrier gas onto a base substance which is obtained 
by dispersing and supporting catalyst particles to a heat resistant 
porous support. 
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[tfffHHMtoflBQB] 

im*m 2 ] WIB#7Ltta«:<0*B?La*S3nmKT-C«> 
#?L#\ £fcte'>fc< 1 1 l oOjMft&^^Kfbtt* 

. [Sl#*5] Mi, Si0 2 :fc«fctMI 2O3 

SiOs /Al 2 03 co^E-zHt^ 5^-bTfc-5^i ?r#i^t 

[«*35 6] milS^^^^ Hi, Si02^«t^AI 2 03 

Sio 2 /Ai 2 03 <D*e>\stic& i oiu±-efo5w t&ftmt 

*L*Efca»S*bTV^C.* % *5-fctf/*fcW:. fuBB^ 
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[11**1 2] 8ftga*?U*fi(ttt, ffilBMtttKffi-T-O 

[»3ft*i 4] Btrisms^-^^^-y^*^— ysrStft 

Kft*»*^0»»±**b^ix, xxv ml/min. YxBml/m 
inT*&>9, BMBxmirr 1 . y mirr 1 co«i(S^ v 1/100^x^ 
1. 1/1000^ySl/5T$>^>^ fc 75 

[fllsftfll 5] BaiS^^r y T^^*5«tO?HulB^{b7K» 

wttemik&x* yr#*#iwtB»*±fc:as 

4^l2ttO^S^-^>^y^^-^^ 
6] HSE^bTkSf^f^^T-fe^-u^-efes 

[IS** l 7 ] ft** iTbmi 6 (D^-rtiibxDjj&lz: 

-#^/^a-^©fttt#J««lc:, #H»E«r1Tor 
r. «t 9 3* L< tt0.01TorrJEATx d»o»ftLSffl«Sr140 
0*C«J:, J: U< ti2000 < C^J:»wi-5wi:S:*» 

[0 0 0 1 ] 
[0 0 0 2 ] 

[^3feofe«] S*jR^dSffi«^MO«, K^^^y^- 

[0 0 0 3 ] Msat«r«v^ri»tfb**^«:<R»* 
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[0 0 0 4 ] H.Dai^te, Chem. Phys. Lett. 260 (199 
6) 471K:fc^T. fflSL* (fumed) 7/u^»*±fcMo 

lt> 1 200t T — mt&tmJf* £ 1 200sccmtfL L T 1 «PIW 

[0 0 0 5 ] A. M. Cassel £>tt\ J. Phys. Chem. B 103 
(1999) 6484l;i*5^"C\ 7^? t/Vil^^W^y y 

«r*35#- KtdiaSLT, 900t:T^ ^ V^^$r6000cm 
3 /mi nflC LT2-45»IW«»i-5 w i I- iotilfa - 

[0 0 0 6] J.-F. Colomerbte, Chem. Phys. Lett. 3 
17 (2000) 83l£*5^-C, &fb^*V*A»*J:fc:C<K 
Nu FetL<tt-toa*(Co/Fe)*tt^«rfl»L-C-e# • 
tzm^tt&Tfs- \f\zBM It, 1000^-cy * WTkfS 
a^^^75ml/min/300ml/minSKLT10»Wlft«Fi-5- 

[0 0 0 7 ] ¥f$?m 3 0 4 4 2 8 0 #?Ltt«l» 

m&fcmt (400-iooor) it, jfr-ato-j-y 
[0 0 0 8 ] WIHRz 11-11917 *^«tzfi, 

*~vj±(ommmk&m^£^xT^tcm?L m& 5- 

200nm) coj&!H5^ *«Ei:*5Fe, Co* J: tfN i ;&» <b * 3 
[0 0 0 9 ] 

[»W****UJ:5 4:i-S«II] ^-1f*3»tt*5J:^T 
ifJS»j5fe-e-frrt*jxs*Ji*-#^ 
[0010] f»»*ts-ett, *riiaflE^*3*t*«! 

[0 0 11] *;n?:M8Wtt % ±IBO«H*r»8ti-sr. 



(3) #Bf] 2002-255519 

4 

[0 0 12] 

[R« *fc*«>*8l:] *sWfc±*t«, HUMS 

[0 0 13] :lil:i:oT, ^fcti^u-^-* > 

[ooi4] ±&<D&m*-&>+s^~-7<nW8k'% 

20 « % MCM, FSM^^-CfoSo BMb»*ffl»«it* 

[0015] _h|BO*g^-7K>^y^^-yojH5t*- 

-fef^-f Si0 2 :fcJ;tMI 2O3 Sr#^, SiO 
z/AlzOs^^^ifc^sj^^-cfooT^ctV^ 
H£L<te, ■tf*?-*' Mi, Si02*5±t^AI 2 03 ^ 
^ Si02/Al2 03 O^/ujfc#i OJ^Jb-CfooTfcJ: 
V\ 

JO [0016] _b|BO*Ji^ — sK^y ^-a— ^oKat* 
S ifettv^ixd*— *t?fco-Ct J:v> 0 MffiE 

&&»k*tt&m<om#i*^ m^mmmz£<>x?t£> 

[0 0 17] JitSO»Ji^-#>^/^a-^(7>»5g* 

[0018] _hlBO*S^7-7K>^/^^— y<Ofiig*- 
50 -20nft%O«SHrtrfeor i bJ:v\ ^fc, H*L<tt, 
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[0019] -bis^me^-AjO'^/^^-^^siit*" 

Qml*>*frfi\ T^o«**si60ml/min, 
tf^^^MOml/mincot £\ x=1/40 mi n- 1 . y= 1/600 m 
in^-CfcS) y T#**3j:t^bk*;tf;* 

[0 0 2 0 ] B«w»Wtt, 

HftEE«:1Tori\ «t L< teO. 01Torr£*Tx ^oi 

&Si^*:140(tfCJ!a±, «fc 9 SI£ L < fi2000 < C£A±fc"t- 

[0021] cw^fctbtf, iWc#LTgeeftH«H4* 

[0 0 2 2 ] IftWtoftm&ZXflftg:! #$g^t-*^T 20 

[0023] z<d±i\c s *mwiz£vw.m(Dm<Ditm 

SPM (Scanning Probe Microscope) <£>£££{-^ £ L"C£?if 
[0 0 2 4 ] 

**W«l»c«i3S*JI^/^a-^ (SWNT) 

Wd»fe*5m«*Fi, ^3S*2, #*WA-#*3R (121 
^-fr-f) , *5±tffcfejK/iJ-sK-- htt»£«Ht£fcfco;5 
3S#— h 3 &«x.3o £kt£H^£;ft,Tv^4i^ ricS 40 
flSM»^, KaS*M*, #***ff4tf*>*R«£;h/r 

[0025] r^S^vx^^-TK^y^a-y^o 

httStt***^- Me*** 

±9ffil£<0&j3 »10- 5 Torrj£X_L) £T^JE 

* (Ar, N 2 ^) ^J:S^^111fti:ffi^iSW«ES:^^WA 
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fcam&u 30»«»i-5 o <Muue^o#a. 

[0 0 2 6] 4*3, ±B*tt T#JI;fr-- — 
^^Bjgg^- K. MukhopadhyayMS, Chem. P 
hys. Lett. 303 (1999) 117KiB*£;h/r^S 0 K. Mukh 
opadhyay^te, 600, lOOXrVO&tfiLW&mft LTV^o 
*»W#e>tt, ^^-htt^, AUK. #dHUC«<rtt* 

co&ftte (cvd) ft-e-frfigi-^^fi, soo e c£k±<omm.ifi 

[0 0 2 7] JilBffcSWU 
*5VNT^Wt-S^f-#«E-f-S#?L'ltS#:SrffiVx-C, 

[0 0 2 8] 4*5, h fi, jW7LSd«3n 

dedSheets Mesoporous Material), ^^^Hit^r^fi"^ 

[0 0 2 9] BfMSO-tf^^W ht U-CH, Si0 2 /Al 

[0 0 3 0] *ffl»«St«r*i-5H{br^$=:»>Ai: L 
[0 0 3 1 ] 4*3, #?Lttfi#tLtli, roilC, « 

[0 0 3 2] ttifti: LTtt, ^icRmK«ottft: 

tra*4a**5»bJx*. 4fettj«Ei:U-r. Fe, Co#f75 
m5c**«E, Fe/Co, Ni/Co, Mo/Co, Ni/Fe^^ -tc^^ 
tt, Fe/Ni/Co^ = 5c**6«Srffiv>5wi:^-C# 
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0.1-2fort%a*#*L<, J:9*?£L<tt\ 1-10wt%Sft 
[0 0 3 3] ttfttt, ftfcjBHIWftiFoW-e, £?LteS#CQ 

» «*««ftSr^Tt>J:^) 

J*«!ai-S*jSfc^*)5 0 ttlKtr. 80*C 

[0034] £>n&&»<omiL& 
5it#B*5. mm,ft-mimm zmm-tzm^ m 

(B£#?aS : 31. Or, BIILEEA : 72. 9^ajE) £jLL<z> 
*ft=, Wxtf, 35-3000 75-350fUElc:T N ±fB&Jg 

5^f± s Ar, n 2 ^iro^{b#is^*{-^vN-rioo~6o 

[0 0 3 5] *«JdfflV^Kft**^^0»*<t«tt, 
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So 

[0 0 3 6] J^_kfft0J! Lfc, *38W^»Ji* — #^-/ 
2nmJ£*T) t^t^ 0 

[0 0 3 7 ] «T^H*?KllS 2 - 6 £ Lt, «fc 0 AfrW 

[0 0 3 8] [j|«^1»2] Bf^YSHftf-^ h»* 
(IV-S ; HSZ-390HUA,Si0 2 /AI 2 03^/uit : 200) tc % 
fc!ij&&J£{b<£» (Jron(II) Acetate. Cobalt (I I) Aceta 
te Tetratydrate) fcr/Bv^ Fe/Cofc&j&Srif 

20 -^ri^S: 600*0 305K Ar*H«C1«lfl£ (ArStfi : 120m 
l/min) KTfTofc. ^co^. #*fiLflP3*J|l (800*0 8 
SOt:, 900*0 K:-C#M&U Ar/C 2 H 2 *ffl«l1«m(Ar/C 
2 H 2 *J; : 150ml/min/10ml/min)-e30^f?ft^S^tTo 
fc 0 RU«, ^rtttfraiiV^Htftfll (TBI) 

>-K/u OR) 3ft««*Sixft:. -«fjt b-C900*Oe^^ 

MMBiLfcW*, 5-10wt%<7>7k*K*teSr*i-SC:i:^ 

[0 0 3 9 ] [|Ofi«tR3] BJRttYffl-tf^^^ 
(^y-§^ ; HSZ-390HUA, Si0 2 /Al 2 0a ^t/Ht : 2 0 

0) td, ftbMEAjRfk** (Iron(ll) Acetate. Cobaltd 

1) Acetate Tetratydrate) Sr/Bl^T. Fe/CoM^?rif^ 

40 U ^W^-^^^^600^0 30^, Ar#ffl^1^CJEE (Ar 
«tfi : 120ml /mi n) ^Tffo^ 0 ^^>^, *fiRm*37K» 
(800*0 850*0 900O icr#^L, Ar/C 2 H 2 ^(S^ 
1«lJE(Ar/C2H2 8E* : 150ml/min/10ml/min) X*20ftf£M 
m*ftotc 0 *MQ£Hft. «Atb«:ail*^mfttt (TE 

M) -em^bfctr^, ^-co#ricift**f[r-e. 

^-^o^^hvu OK) ds*JHSixfc. -fll* U"C900 
50 [0040] 4*5, ttKto^ #*feTrf 5 - -e*^ • 
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T£>5 0 ttUtfl!>^#*tt0.1-20iirt*ottH* J »*U<, 

ftbfflEo$*TJ|H0.2-5wt%<7>ffiia^J: L 
v\> tttt^#*#0.2-5wt%ottB©4#, 

^/^•a-^o**K»»ttSrjPMIiLfc**, 5-1 Owt 

[0 0 4 1 ] [Jttt«lll4] »*M4Ya!-fef^9-f b#ft* 
(IV-S ; HSZ-390HUA, Si0 2 /Al 2 0 3 ^r/Hfc : 2 0 

0) C\ te^Jlfb^^J (Iron (I I) Acetate, Cobalt (I 

1) Acetate Tetratydrate) SrJBi^T, Fe/CottjK4:"£tf- 

h«B*Lfcfif*Lfc 0 ttjK<&£#*H\ *Jve*L0. 5w 

U T'u^-^f^SrSOO'O 30£\ ArffBAIftJBE (Ar 

tfftfi; : 120ml/min) \^Xft^tz 0 ^<D'&^ ^^JS2tK^ 
(600O 900*0 t-"C#MaU Ar/C 2 H 2 #[gmimEE(A 

r/C 2 H2^tS:: 150ml/min/10ml/mi n) -Cffi^gBf ffl (10 
30#, 60#) &£*TiR*«rffl-SIU!: p 
{0 0 4 2 ] H 6 tt. MMfeamflH (**#H) £ 
(i?*^ hftjfc (fthf£«r£tr) ofti^Mfciatl-* 

^JSfefiJ; (ffiil5*fiE«jm4^Bft<) ^SMifc) 

(^BEiaseoor, 9oo*o ^7 a. 

Mfc&9l#m (-frriWIH) £*H*HR* (frfrrtl* 

-c»mb) obb« (^mS60ox:, 900*0 £^-r^7 

tt, *J*#W30»-Ctt»JR*tt95%K±-C*>9, 

[0 0 4 3] [ jlJfi^ffl 5 ] FSM»3fc J: 5 # 

Si : *B?LM2-3nm) KFe/Cotett&ifit* Lfc 0 

fc*«a»**rEHL, ^U^-^^GOOO 30£\ A 
r*Hft1Slfl£ (Ar^fcttNz SfE* : 120ml/min) KTfTo 
fee ^)&i&g37k*P (800*0 850*0 900*0 I- 

#i&U Ar/C 2 H 2 ^IS^maE (Ar/C2H 2 ac* : 150ml 
/min/10ml/min) ^30#?&*QS£rfTo*: 0 J»*Q«« % -fr 
fiK«b«raiBVF-MIKM (TEM) xmmLtztZ*. ±X 

<D&&Li&m2kwx\ mm?-~--7<Ds<>' k/w (so 

-«i LTSOOr-CO-fraoiie^trBI 8 

WtfclWLfc»*, 5-10wt%O7k*K*tiSr*1-Sw 

[0 0 4 4 ] [*lfi^ffi6] *£t£«igg^bT/l^~? 

(«W#fcJ:9fP« : j«B?La2-3nm) ^Fe/CottfflE 
SrS^Lfco ^m2.5wt%THffit 

*^* r *600 < O 305K Ar#BB«1«EE (Ar*^ttN 2 aE 
*: 120ml /mi n) IdTtTofco -t<Z>^ ^^S3tK^ (8 
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00*0 850*0 9Q0O) fc-CJHftLT* 30£\ Ar/C 2 H 2 
#Hft1«UBE (Ar/C 2 H 2 ^S : 150ml/min/10ml/min) "C 

(TEM) ^"C^dtfflflE^-e, * 

5-10irt%o**»i«IB«r#i-Sit^*OMb*:. 
[0 0 4 5] J£*_L. #:$PJ3<E>m/§;*7 — tfis-rj**—? 

[0 0 4 6] Ctbtt^J 1 ] BHIfcttYaHf h»* 
Ofti/HH ; HSZ-390HUA) fc, ttttAJMb-frto (Iron (I 
I) Acetate. Cobalt (I I) Acetate Tetrahydrate) 
T> Fe/Cott«CS:K^^7>r h*WLfcfi»Lfc. Mo 
^*TJ:te, ^^-e^2(hrt%r*16Lfco ^35* 
-Ktett*»*fce«U ^^-^^^^600*0 30 
#.Ar#H*1«E (ArSEfi : 120ml /mi n) lwTfTort: 0 

^A&S3*9 (800*0 850O, 900*0 tdT# 
2^ MLT, 30^, Ar/C2H2^IS^1^JE (Ar/C 2 H2^g : 150 
ml/min/10ml/min) "C}»«iaS:tT*ofc P ^S^, «fr 

^tlfcc -«ltLT, QOOr-eo^^JBrn^ 9 t'^ 

[0 0 4 7] [JfctKffl2] #?Lttfl(tt UTYffl-tf^-9 
-Y (IV-K : HS2-320NAA) Srfflv\ Y®-fef^9 

-< h»*i-Fe/Cott«Sra»Ufe 0 ^Wt, =H35#- h 
{-tt«E»*SriB«L, ^U^-^^GOOt;, 305>. A 
r#H^mJE (Ar*fcttN2«* : 120ml/min) l^TtTo 
fc 0 ^O^, -frfifcfflfl^TK* : 600*0 700*0 900*O-# 
MLT, 305>, Ar/C 2 H2*H«i1ft£E(Ar/C2H2ac* : 
100ml/min/15ml/min)-CJR«ka^firofc 0 ^Mi, ^ k 
«K««raill*-7-mKtt (TEM) 3lX 

Lr700*oeo^cD^m^l2] i otc^i- 0 9 

00*OC JWi # - stf :* - ^fi«B $ 

50 6 0 
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[00491 immwm 7 ] wmm&iu&&# tui 

&<nm$m. j e* s 7<< #HM/£0.01Torr.2000 
*C"C»toa+5ifclcJ:D|>*Sft*: 0 lint JRto 

±;*~-7<om&mttwmm (tbo &rfc5 0 * 

[ 0 0 5 0] 

(swnt) *«K«o«tis«5S:ia-c*>Sc 
[ei 2 j *»w©jtiii*iB 2 j: or 

il^m^FP«^ (TBI) fc*rvi-BB-?fcS. 
[S3 3] *»W«>**WlB2 0«|Jt*»^J:or*rit 

(TEM) «*r^i-H"C*>S Q 
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im 4 ] jS»»lB 3 «>«JB*j6lc J: or** 

(TEM) fcSr^-ttarfcS. 

[El 5] «*«to***fcJ^61Mi^a--^«>tt*« 
[El 6] MA8B»n£tt*4>Hfl( (*J&M£600<C, 9 

o<rc) sr^-r^^^rfeSo 

[El 7] ||Ma*nfcfBttJR*0BMB (*j«&ft600 

70 [El s] ^p|oiifti5©Sii^(aot^ 

(TEM) «£r^1-|2irfcSo 

[ El 9 ] tttfeftl 1 ^fiil^fti: i: o Ti^J& istlti*- 
#yf/fa-^©aaitfl»« (TEM) 
Eirfc^o 

[Ell 0] 2 <DStf£;fr iot^^f:^ 

-^>-r/^^-zf<Dm^mm i : ¥-m^m (tem) f&sr^ 
i-iarfeSo 

[Ell 1] !»*0 ! a^J:5»JIMt"tf5*-9^ h0>6fc*«r?T 
2/) ofcaro^-jKyty'fa-^oaigSt^fifti (TE 
M) f£r&s 0 
[«F*G>K?m 

l 2 3 *3S*K-K 




V V 3 
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4#(PI2 002-255519 



IB 2] [19 3] 
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ime] [|§)7] 
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U 0] 





111] 





7u x h^-^com,^ 

(72)3S9J# mj% iKm (72)«W# JUS «9 

S^m^-S-Mrfi^eiSMffl^ffrSTgQIV S»»«*«rtiBB*dK;i|**»r2- 9- 2 

F^— 4G046 CA02 CB03 CC06 CC08 
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